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,QWURGXFWLRQ
,QPRGHUQFLYLOHQJLQHHULQJHIILFLHQF\DQGHFRQRP\DUHNH\ZRUGV WKDWGHVFULEHVXFFHVVIXOVWUXFWXUDOGHVLJQV
%\UHVSHFWLQJWKHVHWZRJXLGHOLQHVDQGFRPELQLQJWKHPZLWKWKHXVHVXVWDLQDEOHPDWHULDOVVXFKDVJOXHODPLQDWHG
WLPEHUDQGRWKHUUHF\FOHGSURGXFWVZHZRXOGOLNHWRSURPRWHDVLPSOHEULGJHVWUXFWXUHWKDWXVHVEHVWRIWLPEHUDQG
VWHHODVVWUXFWXUDOPDWHULDOV
$V DQ DOWHUQDWLYH WR FODVVLF LQWHUQDO UHLQIRUFHPHQWV VXFK DV VWHHO URGV RU H[WHUQDO UHLQIRUFHPHQWV )53ILEHU
UHLQIRUFHG SRO\PHUV &)53FDUERQ ILEHU UHLQIRUFHG SRO\PHUV>@ WKLV SDSHU SURPRWHV WKH XVH RI SODVWLF VWUDSV
FRPPRQO\ XVHG LQ WKH VKLSSLQJ DQG SDFNDJLQJ LQGXVWULHV ZLWFK DUH VLJQLILFDQWO\  FKHDSHU KDYH D JUHDW WHQVLOH
VWUHQJWKDQGDUHHDVLO\UHF\FODEOH
*OXHODPLQDWHGWLPEHUIXUWKHUUHIHUUHGWRDVJOXODPDQGSURYHVWREHWKHPRVWHIILFLHQWZD\RIXVLQJZRRGZLWK
PLQLPDOZDVWH LQ RUGHU WR SURGXFH VXSHULRU TXDOLW\ EHDPV DQG RWKHU VWUXFWXUDO HOHPHQWVZKLOH SURYLGLQJ DPRUH
KRPRJHQRXVGLVSHUVLRQRIQDWXUDOGHIHFWVLQWKHZRRGVILEHUVWKURXJKRXWWKHOHQJWKRIWKHHOHPHQW

0DWHULDOV
$VVWDWHGEHIRUHWKHDLPRIWKLVSDSHUZDVWRSURPRWHWKHXVHRIVXVWDLQDEOHDQGUHF\FODEOHPDWHULDOVIRUDPRUH
HFRIULHQGO\DSSURDFKWREXLOGLQJEULGJHV7KHPDLQPDWHULDOVWKDWZHUHXVHGLQWKLVVWXG\DUHDVIROORZ
• *OXHODPLQDWHGWLPEHU
• 6\QWKHWLFUHLQIRUFHPHQWV
• 6WHHO
2.1. Glue laminated timber 
*OXHODPLQDWHGWLPEHUEHDPVZHUHXVHGDVPDLQHOHPHQWVRI WKHSURSRVHGVWUXFWXUHIRU LWVVXSHULRUVWUHQJWKWR
ZHLJKWUDWLRWKRXJKORZHULQJWKHGHDGZHLJKWRIWKHEULGJHE\RYHU3UHVVXUHWUHDWLQJWKHEHDPVLVKLJKO\
UHFRPPHQGHGIRUDQH[WHQGHGOLIHVSDQRIWKHEULGJH
8VLQJ WLPEHUIRU WKHFRQVWUXFWLRQRIEULGJHGHFNVRIIHUVHYHUDODGYDQWDJHVFRPSDUHG WRFRQYHQWLRQDOPHWKRGV
VXFKDVIRUPLQSODFHFRQFUHWHGHFNVPDLQO\WKDWQRIRUPZRUNRUORVWWLPHGXULQJWKHFRQFUHWHVFXULQJSURFHVVLV
UHTXLUHGRQFHWKHDEXWPHQWVDUHGRQHVRWKDWWKHQHZRUUHSODFHPHQWVWUXFWXUHFDQEHGHSOR\HGUDSLGO\
2WKHU DGYDQWDJHV DUH WKH XVH RI OLJKWZHLJKW DQG VPDOOHU HUHFWLRQ HTXLSPHQW GXH WR LW¶V ORZHU GHDGZHLJKW DV
FRPSDUHG WR VLPLODU VWHHO RU UHLQIRUFHG FRQFUHWH VWUXFWXUDO HOHPHQWV DQGPRVW RI DOO WKH HOLPLQDWLRQRISUREOHPV
DVVRFLDWHGZLWKWKHFRUURVLRQRIVWHHOGHFNHOHPHQWVRUUHLQIRUFLQJVWHHOLQXVHGLQWKHFRQFUHWHGHFNWKDWLVFDXVHG
E\WKHXVHRIGHLFLQJVDOWV
2.2. Synthetic reinforcements 
3(7DQGERQGHGSRO\HVWHU\DUQVVWUDSVDUHWZRFKHDSHUDOWHUQDWLYHVWRVWDQGDUGUHLQIRUFHPHQWVDQGIRUPSUHYLRXV
VWXGLHV>@SURYHGWRDGGVLJQLILFDQWDPRXQWRIVWUHQJWKDQGHODVWLFLW\WRJOXHODPLQDWHGWLPEHUEHDPV
7KHVHVWUDSVDUHUHODWLYHO\FKHDSDQGDUHXVHGZRUOGZLGHLQWKHSDFNDJLQJLQGXVWU\DQGDUHUHDOO\HDV\WRUHF\FOH
ZLWKPLQLPDOHQHUJ\XVH7KH\KDYHDJUHDWDPRXQWRIWHQVLOHVWUHQJWKZLWFKLVH[DFWO\ZKDWLWZDVUHTXLUHGIRUWKLV
SURMHFWDQGDUHRQO\VHQVLEOHWRWKHVXQ¶V89UDGLDWLRQIURPZLWFKWKH\DUHKHDYLO\SURWHFWHGEHWZHHQWKHZRRGHQ
ODPLQDWHV
7KHPDLQ DGYDQWDJHV RYHU VWDQGDUG VWHHO UHLQIRUFHPHQWV DUH WKH SULFH VLQFH WKH\ DUHPDGH RXW RI RQH RI WKH
FKHDSHVWPDWHULDOVWKDWH[LVWVXSHULRUUHVLVWDQFHWRFRUURVLRQDQGRWKHUKDUPIXODJHQWVDQGDOVRORZVHOIZHLJKWVLQFH
LWLVLPSRUWDQWWRXVHWKHOLJKWHVWPDWHULDOVSRVVLEOHLQRUGHUWRORZHUWKHEULGJH¶VGHDGZHLJKW
([SHULPHQWDO UHVXOWV UHJDUGLQJ IOH[XUDO EHKDYLRU XQGHU ORDGLQJXQORDGLQJ F\FOHV DQG XQWLO IDLOXUH PDGH RQ
UHLQIRUFHGDQGQRQUHLQIRUFHGJOXHODPLQDWHGWLPEHUEHDPVDUHSUHVHQWHGDQGFRPSDUHGLQWKHIROORZLQJILJXUHV


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)LJD)LUVWORDGLQJXQORDGLQJF\FOHEVHFRQGORDGLQJXQORDGLQJF\FOH
)RXUSRLQWEHQGLQJWHVWVZHUHFRQGXFWHGRQVL[JOXODPEHDPVWZRUHLQIRUFHGZLWK3(7VWUDSV53(7DQG5
3(7WZRUHLQIRUFHGZLWKSRO\HVWHU\DUQV5),%3DQG5),%3DQGWZRQRQUHLQIRUFHGRQHV15$$DQG
15$$$OO WHVWVZHUHFRQGXFWHGDFFRUGLQJWR(1UHJXODWLRQVUHJDUGLQJWKHSUHSDUDWLRQ WHVWLQJDQG
UHVXOWJDWKHULQJRQWLPEHUHOHPHQWV>@
7KH WZR ORDGLQJ F\FOHVZHUHPHDQW WR VWXG\ WKH UHLQIRUFHG EHDPV FDSDELOLW\ RI UHWXUQLQJ WR LWV LQLWLDO VKDSH
PHDQLQJ ]HUR GHIOHFWLRQ DIWHU WKH ORDG ZDV UHPRYHG )RU WKH ILUVW F\FOH WKH ORDG ZDV LQFUHDVHG XQWLO D  PP
GHIOHFWLRQZDVREWDLQHGIROORZHGE\DQLPPHGLDWHXQORDGLQJRIWKHHOHPHQWDQGWKHVHFRQGRQHVLPLODUWRWKHILUVW
F\FOHZLWKWKHGLIIHUHQFHWKDWWKHWDUJHWHGGHIOHFWLRQZDVPP
1RW RQO\ WKDW WKH UHLQIRUFHG EHDPV VKRZHG DQ LPSURYHG HODVWLFLW\ DQG UHFRYHU\ EXW WKH ERQGHG SRO\HVWHU
UHLQIRUFHGEHDPVZHUHWKHRQO\RQHVWRUHWXUQWR]HURGHIOHFWLRQDQGLWZDVXQGHUPLQXWHVDIWHUWKHORDGZDV
UHPRYHG DV QRQ UHLQIRUFHG EHDPV VWLOO KDG
VRPH UHPDLQLQJ GHIOHFWLRQ HYHQ DIWHU VHYHUDO
KRXUV
$W WKH ILQDO VWDJH RI WHVWLQJ VXSHULRU
EHQGLQJ EHKDYLRU ZDV REVHUYHG RQ WKH
UHLQIRUFHGEHDPVZLWK LQFUHDVHVXS WRLQ
VWUHQJWK
$OOEHDPVKDGDVLPLODUHODVWLFEHKDYLRUDQG
IDLOXUH RFFXUUHG VXGGHQO\ DQG ZDVPDQLIHVWHG
E\ORQJLWXGLQDOFUDFNVWKURXJKRXWWKHHOHPHQWV
DV ZHOO DV IDLOXUH LQ WKH ILEHUV IURP WKH
FRPSUHVVHGSDUWRIWKHEHDPV
,QFRQFOXVLRQJOXODPEHDPVUHLQIRUFHGZLWK
WKHVHV\QWKHWLFVWUDSVDUHDVXSHULRUDOWHUQDWLYH
WRQRQUHLQIRUFHGEHDPVZLWKDPLQRULQFUHDVH
LQWKHSURGXFWLRQFRVWV
)LJ%HQGLQJVWUHQJWKRIWHVWHGEHDPV
2.3. Structural Steel 
6LQFHWKHODVWFHQWXULHVVWHHOLVRQHRIWKHPRVWLPSRUWDQWEXLOGLQJPDWHULDOVNQRZQWRPDQDQGHYROYHGWRWKH
GLYHUVLW\RISURILOHVZLWKWKHLURSWLPL]HGFURVVVHFWLRQVWKDWZHXVHWRGD\$OVRQRZPRUHWKDQRIWKHVWUXFWXUDO
VWHHOWKDWLVIDEULFDWHGFRPHVIURPUHF\FOHGPHWDOVPDNLQJLWDVXVWDLQDEOHPDWHULDO
230   Marusceac Vladimir and Vlad Mihai /  Procedia Engineering  156 ( 2016 )  227 – 232 
3URSRVHGPRGXODUEULGJHVWUXFWXUH
)RUWKHSURSRVHGEULGJHVWUXFWXUHWKHPDLQHOHPHQWVWKDWIRUPWKHGHFNDUHVRPHGLIIHUHQWVL]HGUHLQIRUFHGJOXH
ODPLQDWHGEHDPV WKDWZHUHSUHVHQWHG HDUOLHUZLWFK DUH VWUHVV ODPLQDWHG WRJHWKHUZLWK WKHKHOSRI WKUHDGHG VWHHO
URGVLQRUGHUWRIRUPDVROLGGHFN>@UHLQIRUFHGE\PRGXODUODWHUDOWUXVVHVWKDWDUHDOVRWKHKDQGUDLOV
2SWLRQDO FURVV JLUGHUV DUH VXJJHVWHG IRU ODUJHU VSDQV IRUZLWFK , EHDP SURILOHV DUH IRU WKHLU VXSHULRU EHQGLQJ
VWUHQJWKDQGHDVHRIFRQQHFWLRQZLWKWKHKDQGUDLOPRGXOHVIRUZLWFKGLIIHUHQWSUHIDEULFDWHGSURILOHFDQEHXVHGVXFK
DV8,RU/ODPLQDWHV
7KHWUXVVHVDUHFRPSRVHGRXWRISUHIDEULFDWHGGLDPRQGPRGXOHVUHIHUUHGWRDVW\SHPRGXOHVDQGRQHWULDQJXODU
PRGXOH WKDW FORVHV WKH WUXVV EHDP UHIHUUHG WR DV W\SH  PRGXOH 7KHVH PRGXOHV FRQQHFWHG EHWZHHQ WKHP DQG
WRJHWKHUZLWKWKHFURVVJLUGHUVDQGWLPEHUGHFNZLOOIRUPDVROLGULJLGVWUXFWXUHIRUWKHIXWXUHEULGJH
$OOPRGXOHVDUHWZRPHWHUORQJVRWKDWWKHFRYHUHGVSDQFDQKDYHDPLQLPXPRIIRXUPHWHUVDQGZLOOKDYHDWZR
PHWHULQFUHPHQW7KLVW\SHRILQFUHPHQWVFDQFRYHUPRVWFDVHVIRUVKRUWWRPHGLXPVSDQV
7KHIROORZLQJILJXUHVSUHVHQWWKHSURSRVHGPRGXODUVWUXFWXUH


0RGXOHV DUH FRQQHFWHG WRJHWKHU XVLQJ
EROWHG MRLQWV DQG DGGLWLRQDO VWHHO SODWHV ZKHQ
QHHGHGWRSURYLGHWKHH[WUDWHQVLOHVWUHQJWK
$OWHUQDWHG JOXH ODPLQDWHG WLPEHU EHDPV
ZLWKGLIIHUHQWKHLJKWVFRXOGEHXVHGVRWKDWWKH
GHDG ORDG LV UHGXFHG DQG WKDW WKH PDWHULDO LV
XVHG PRUH HFRQRPLFDOO\ DQG WKHUHIRUH PRUH
UHVSRQVLEO\
7KH SUHVWUHVVLQJ URGV FRQQHFW QRW RQO\ WKH
JOXH ODPLQDWHG EHDPV EXW DOVR WKH ODWHUDO
WUXVVHVVRWKDWWKH\ZRUNWRJHWKHUZKHQORDGHG
WKRXJKDGGLQJWKHQHHGHGH[WUDVWUHQJWK
 )LJ7UXVVPRGXOHVDQGDVVHPEO\
)LJ%ULGJHDVVHPEO\DQGFRPSRQHQWVIRUORZHUORDGV
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


$QDVSKDOWZHDULQJFRXUVHRYHUDJHRWH[WLOHPHPEUDQHLVDQRSWLRQIRUWKHSDYHPHQWRQWKHEULGJHDGGLQJH[WUD
SURWHFWLRQIRUWKHZRRGHQGHFNIURPWKHXSFRPLQJWUDIILFDQGQDWXUDOHOHPHQWDVZHOODVSURYLGLQJDGGLWLRQDOJULS
DQGFRQWLQXLW\ZLWKWKHURDGRQZLWFKLWLVSODFHG
7KHUHLVDQLPSHUDWLYHQHHGWRGHYHORSQHZZHDULQJVXUIDFHVIRUPRGHUQWLPEHUEULGJHVWKDWOLPLWWKHWUDQVSRUWRI
PRLVWXUHWRWKHXQGHUO\LQJZRRGHQEULGJHGHFNDQGVXEVWUXFWXUHIRUDQLQFUHDVHGOLIHVSDQ
&RPSDUDWLYHVWUXFWXUDODQDO\VLV
$ FRPSDUDWLYH VWUXFWXUDO DQDO\VLV RQ D FRQFUHWH GHFN YHUVXV WKH WLPEHU VWHHO FRPSRVLWH GHFN ZDV PDGH WR
GHWHUPLQHWKHLUEHQGLQJFKDUDFWHULVWLFVDQGGHWHUPLQHWKHDGYDQWDJHVRIWKHSUHYLRXVSURSRVHGEULGJHVWUXFWXUH
4.1. Data input 
7KUHH VSDQV OHQJWKVZHUH FKRVHQ IRU D VHYHQPHWHUZLGH GHFN DV IROORZV VL[PHWHUV WHQPHWHUV DQG WZHOYH
PHWHUVLQRUGHUWRVHHKRZWKHVWUXFWXUDOUHVSRQVHFKDQJHVDFFRUGLQJWRWKHVSDQOHQJWK
)RUWKHFRQFUHWHGHFNZHFKRVHLWVKHLJKWWREHDWDURXQGRQHHLJKWHHQWKRIWKHVSDQOHQJWKVDPHIRUWKHVWUHVV
ODPLQDWHGWLPEHUGHFN
$VOLYHORDGV/RDG0RGHO/0ZDVFKRVHQDFFRUGLQJWR(1>@7KLVLVDVLQJOHD[OHPRGHOZKLFKLV
DSSOLHGZKHQDORFDOYHULILFDWLRQIRUVKRUWVWUXFWXUDOHOHPHQWVLVUHTXLUHGHOHPHQWVVXFKDVGHFNVRUGHFNSDQHOV
7KH LQWHUQDO IRUFHVGXH WR/0PD\ WKHQEHPRUH FULWLFDO FRPSDUHG WR WKRVHRI/0/0 LV DSSOLHG DW DQ\
ORFDWLRQ RI WKH FDUULDJHZD\ DQG LW FRQVLVWV RXW RI D VLQJOH D[OHZLWK WZR HTXDO ORDGVȕ4 [4DNZKHUHȕ4 LV DQ
DGMXVWPHQWIDFWRU)RUWKLVVWXG\N1IRUFHVIRUHDFKZKHHOZDVFRQVLGHUHG
,QWKHVWUXFWXUDOSURJUDPWKHVWHHOWUXVVHVZHUHFRQQHFWHGWRWKHWLPEHUGHFNE\UHSODFLQJWKHSUHVWUHVVLQJURGV
ZLWKFRPSUHVVLRQORDGVZLWFKHTXDOOHGWKHSUHVWUHVVLQJIRUFH
$VZHFDQVHHLQWKHIROORZLQJWDEOHWKHGHDGZHLJKWRIWKHGHFNDORQHLVUHGXFHGZLWKPRUHWKDQE\XVLQJ
JOXHODPLQDWHGWLPEHULQVWHDGRIFRQFUHWHDQGDGGLQJWKDWWKHGHDGZHLJKWUHSUHVHQWVDELJSHUFHQWDJHIURPWKHWRWDO
ORDGWKDWWKHEULGJHVXSSRUWV


)LJ%ULGJHDVVHPEO\DQGFRPSRQHQWVIRUKLJKHUORDGV
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4.2. Results 
5HVXOWVZHUHDVH[SHFWHGDOO WLPEHUFRPSRVLWHGHFNVKDGDVXSHULRUEHQGLQJEHKDYLRXUZLWKORZHUGHIOHFWLRQV
PDLQO\EHFDXVHRIWKHUHGXFHGGHDGORDGV
'HIOHFWLRQVIRUWKHWLPEHUFRPSRVLWHGHFNVZHUHVLJQLILFDQWO\ORZHUEHFDXVHRIWKHULJLGLW\DGGHGE\WKHODWHUDO
WUXVVHVORZVHOIZHLJKWDQGODWHUDOSUHVWUHVVLQJ
%RWKEHQGLQJPRPHQWVDQGGHIOHFWLRQVZHUHKLJKHUIRUWKHORQJHUVSDQVEXWWKHSURSRUWLRQEHWZHHQWKHYDOXHVIRU
WKHUHLQIRUFHGFRQFUHWHGHFNDQGWKHWLPEHUFRPSRVLWHVWUXFWXUHZHUHVLPLODUZLWKQRPDMRUGLIIHUHQFHV
&RQFOXVLRQV
$QRULJLQDODOWHUQDWLYHWRFODVVLFUHLQIRUFHGFRQFUHWHGHFNVZDVSUHVHQWHGLQWKLVSDSHUZLWKH[SHULPHQWDOVWXGLHV
RQ UHLQIRUFHGJOXH ODPLQDWHG WLPEHU EHDPV XVLQJ3(7 VWUDSV JOXHERQGHGSRO\HVWHU VWUDSV LQRUGHU WR FUHDWH DQ
HIILFLHQW OLJKWZHLJKW FRPSRVLWHEULGJH VWUXFWXUH WKDWXVHV UHF\FOHGDQG VXVWDLQDEOHPDWHULDOV IRU DJUHHQHUZD\RI
EXLOGLQJIRUWKHIXWXUH
7KHVH V\QWKHWLF VWUDSV KDYH DQ LPSUHVVLYH WHQVLOH VWUHQJWK RI DURXQG  1PP DQG DUH VLJQLILFDQWO\
FKHDSHUWKDQDQ\RWKHUPDWHULDOVXFKDVVWHHORUVWDQGDUGILEHUUHLQIRUFHGSRO\PHUV)53DQGFDUERQILEHUUHLQIRUFHG
SRO\PHUV&)53
7KH UHVXOWV REWDLQHG IURP WKLV H[SHULPHQWDO VWXG\ GHVFULEHG WKH EHQGLQJ EHKDYLRU RI UHLQIRUFHG DQG QRQ
UHLQIRUFHGJOXHODPLQDWHGWLPEHUEHDPVDQGKLJKOLJKWHGWKHVXSHULRUEHQGLQJVWUHQJWKRIWKHEHDPVUHLQIRUFHGZLWK
JOXHERQGHGSRO\HVWHUVWUDSVZLWFKKDGPRUH WKDQLQFUHDVH LQEHQGLQJVWUHQJWKRYHUVWDQGDUGQRQUHLQIRUFHG
EHDPV5HGXFLQJWKHGHDGORDGRIWKHGHFNZDVWKHPDLQREMHFWLYHDQGLWZDVDPDMRUVXFFHVVVLQFHLWZDVUHGXFHG
ZLWKPRUHWKDQ
3URPLVLQJUHVXOWVZHUHREWDLQHGLQWKHQXPHULFDODQDO\VLVSURYLQJRQFHDJDLQWKDWOLJKWZHLJKWPDWHULDOVDUHWKH
IXWXUHRIEULGJHHQJLQHHULQJ
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